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Summary
There is large evidence on a positive impact of information and communication technologies (ICT) on economic growth and productivity in a number of developed countries in the 1990's. There are however no studies, which would estimate the contribution of ICT to growth and productivity in post-communist, transition economies. Data availability, consistency, and trustworthiness have been so far the main obstacles. This paper makes a first attempt, based on an extended growth accounting framework, at estimating the contribution of investment in ICT to output growth and labor productivity in Poland, the largest post-communist economy in Central and Eastern Europe and a prospective member of the EU (2004) . The paper discusses the challenges of using available data and its impact on the choice of specific methodologies.
The paper shows that ICT investment contributed on average 0.47 of a percentage point or 8.9% of GDP growth and 12.7% or 0.65 of a percentage point contribution to labor productivity between 1995-2000. This relatively large impact of ICT capital is due to an extraordinary acceleration in ICT investments between 1993-2001 induced by -one the one hand -rapidly falling prices of ICT products and services and -on the other hand -large demand for ICT fueled by high economic growth in the 1990's and substantial pent-up demand due to infrastructural underinvestment in ICT.
Introduction
In spite of the recent worldwide economic gloom, the rapid pace of technological progress has not been arrested. The technological revolution in particularly information and communication technologies (ICT) , which has contributed to the extraordinary performance of the US economy in the late 1990's (Jorgenson and Stiroh 2001 , Oliner and Sichel 2000 , Stiroh 2002 , has not slowed down. The computing power of microchips, which underlies the rapid progress in productivity of ICT, has kept on doubling every 18-24 months, as Moore's Law has rightly predicted since 1965. The pace of progress in capacity of microchips has accelerated after 1995 as the product cycle for semiconductors -due to increased market competition -shortened from three to two years, which led to a decline in prices of semiconductors of some 90 percent per year (Jorgenson 2001) . The rapidly falling prices of ICT products and services along with their increasing efficiency and quality kept on enticing businesses to spend on ICT, although the pace of investment has markedly slowed down after March 2001.
The erstwhile notion of a 'new economy' understood as a superior economic structure displaying sustainable and extraordinary increase in growth and productivity growth fueled by the ICT and coupled with low inflation and unemployment has been discarded. It was replaced with a notion of a 'new economy' understood as a host of new economic phenomena resulting from the two concurrent processes: on the one hand globalization, that is on-going deregulation, integration of the global markets for capital, goods, labor, and increased competition, and on the other hand, technological revolution based mostly on general-purpose ICT, which --while impacting all sectors of the economy --accelerate productivity and economic growth 2 . This paper will utilize a more narrow definition, where the 'new economy' is defined as an economy characterized by high growth rates in output and productivity fueled by production and use of ICT products and services.
Aside from the USA, the use and/or production of ICT have contributed to an increase in the rate of productivity and economic growth in a number of developed and developing countries in the late 1990's. Among the former, Australia, Sweden, Finland, and Ireland seem to have tapped the 'new economy' to the largest extent (OECD 2001a , Jalava and Pohjola 2002 , Daveri 2002 ). Among the developing countries, Malaysia, Philippines, Thailand, South Korea, and Taiwan benefited from the production of ICT (IMF 2001 ).
Yet, there is no evidence that other countries, both developed and developing, were able to take advantage of ICT in order to accelerate their rates of growth and productivity. The lack of macroeconomic impact of the use of ICT on developing countries was confirmed by the results of a comprehensive cross-country empirical study on the returns of IT investment in developed and developing countries (Dewan and Kraemer 2000) . The study showed that returns on IT investment are 'positive and significant for developed countries, but not statistically significant for developing countries' (as quoted in Kraemer and Dedrick 2001, p. 262) . The estimate of IT output elasticity is 0.057 (positive and significant) for developed countries, but statistically indistinguishable from 0 for developing countries. Pohjola (2000) shows that the relative contribution of IT to GDP growth in developing countries between 1980 and 1995 was less than 2 per cent (China, India, Argentina, Chile, Brazil, Thailand, Venezuela) compared to more than 10 per cent in the US, Finland, Canada, Sweden, and UK. No other studies have found any sizeable contribution of ICT to growth in developing countries. There are no studies that would estimate the impact of the ICT revolution on output growth and productivity in post-communist, transition economies i.e. transforming from a command economy to a market economy.
Hence, this paper makes a first attempt at estimating the contribution of ICT investment to growth and labor productivity in Poland, the largest post-communist economy in Central and Eastern Europe and soon a member of the EU. The study covers the period of 1995-2000. The paper utilizes the extended growth accounting methodology. Data for ICT spending between 1992 and 2001 is obtained from WITSA (2000 WITSA ( , 2002 , which in turn is provided by International Data Corporation (IDC). All the other data is from the Poland's Central Statistical Office (2002) .
The structure of the paper is as follows: Section 2 discusses the methodology of accounting for the overall economic impact of ICT based on the extended growth accounting methodology. Section 3 applies the methodology to measure the contribution of ICT investment to output and labor productivity growth in Poland. It also discusses challenges posed by the availability of data. Section 4 presents results of the study and compares them with those obtained for developed countries. Section 5 concludes the paper.
Accounting for the economic impact of ICT
The methodology of measuring the contribution of ICT to growth and productivity is based on original work by Solow (1957) and Jorgenson and Griliches (1968) and later extended by inter alia Oliner and Sichel (2000) and Jorgenson and Stiroh (2000) . Since ICT products and services are both outputs from the ICT industries and inputs into ICT-using industries, ICT can impact economic growth through four major channels (Jalava, Pohjola 2002): (i) production of ICT goods and services, which directly contributes to the aggregate value added generated in an economy; (ii) increase in productivity of production in ICT sector, which contributes to overall productivity in an economy (TFP); (iii) use of ICT capital as in input in the production of other goods and services; (iv) contribution to economy-wide TFP from increase in productivity in non-ICT producing sectors induced by the production and use of ICT (spillover effects); To measure the overall impact of ICT on growth, it is best to express the aggregate production function in the following form:
(1) where, at any given time t, aggregate value added Y is assumed to consist of ICT goods and services ICT -Y ICT t, as well as of other production Y 0 t . These outputs are produced from aggregate inputs consisting of ICT capital C t, , other (i.e. non-ICT) physical capital K t, , and labor L t . TFP (total factor productivity) is here represented in the Hicks neutral or output augmenting form by parameter A. Assuming that constant returns to scale prevail in production and that all production factors are paid their marginal products, equation (1) can be expressed in the following form:
where symbol ∧ indicates the rate of change and the time index t has been suppressed for the simplicity of exposition. The weights w ICT and w 0 denote the nominal output shares of ICT and non-ICT production, respectively. The weights sum to one similarly as the weights v ICT , v 0, and v L , which represent the nominal shares of ICT capital, non-ICT capital, and labor, respectively 3 . Denoting the total employment by H(t) and labour productivity by Y(t)/H(t), the equation (2) can then be re-arranged to measure the contribution of ICT investment to growth in labour productivity
As shown in the above equation, there are three sources of growth in labor productivity: ICT capital deepening, i.e. increase in ICT capital services per employed person, non-ICT capital deepening, and total factor productivity. 4 Due to limited scope of the paper, the paper will focus on only one channel through which ICT impacts growth that is through the contribution of ICT capital to output growth. 5
Accounting for contribution of ICT investment to output growth
As on the right hand-side of the equation (2) 
So far the efforts to calculate the impact of ICT investment on growth in transition economies have failed due to the lack of data on: (i) ICT investment and capital stock, (ii) ICT income shares in total income.
Yet these shortcomings in data can be overcome. The following two subsections present the specific data problems together with methodologies and assumptions, which were used to arrive at final estimates of ICT capital contribution to growth and labor productivity in Poland between 1995 and 2000.
Accounting for ICT stock
Poland's Central Statistical Office (GUS), as most statistical offices in postsocialist countries, does not provide information about investment in ICT assets 6 . It does not provide hedonic (i.e. constant-quality) price indices for ICT stock and depreciation rates on ICT assets, either. Nonetheless, the lack of data from national statistics on ICT can be mitigated by a use of alternative sources of data and a utilization of a number of assumptions.
ICT investment
The data on ICT spending can be obtained from a private source -WITSA Digital Planet report (2002) , which relies on data provided by International Data Corporation (IDC) 7 . WITSA provides consistent information on total spending on hardware, software and communication equipment between 1992 and 2001 in 51 countries representing 98% of the total global spending. The series include data on eight transition economies: Bulgaria, Czech Republic, Hungary, Poland, Romania, Russia, Slovak Republic, and Slovenia.
ICT spending as a share of GDP in Poland and seven other transition countries based on WITSA (2002) between 1993-2001 is displayed in Table 1 . Source: WITSA (2002) The ICT spending in Poland as a ratio of GDP has been steadily increasing since 1993 from 2.06% to 5.95% in 2001. Despite the increase, the ICT spending in Czech Republic, Hungary 6 It is projected that GUS will produce first estimates of the ICT investment in Poland in the end of 2004. Slovenia is the only postsocialist country so far, which has published actual data for IT investment between 1996 and 2001, and total ICT investment for 2001 (Stare et al. 2003) .
7 ICT spending by WITSA (2002) includes computer hardware, software, internal services, other office products, and telecommunications equipment and services. No data is provided on embedded ICT in non-ICT products and on ICT expenditure of non-incorporated entreprises. Moreover, WITSA (2002) data definitions of ICT do not exactly conform to those of either OECD or national accounting. WITSA data is also subject to a few measurement biases, yet their combined effects are hard to measure (for more detailed discussion of other WITSA data caveats see Daveri 2002) .
and Slovakia in relative terms in 2001 was higher than in Poland. In the whole WITSA sample of 51 countries, which is biased towards developed countries, Poland's average spending on ICT in the period was almost two percentage points lower than the overall average. Nonetheless, the gap has been on a decrease throughout the period: in 2001 the difference in spending narrowed to 1.3 of a percentage point.
In nominal terms, Poland experienced a phenomenal six-fold increase in annual ICT spending from USD 1,772 million in 1993 to USD 10,489 million in 2001. This result puts Poland in the forefront of ICT spending among the transition economies ( Figure 1 ). (2002) Between 1993 and 2001 Poland's relative position in ICT spending has been improving compared to all groups of countries. In 2001 the share of ICT spending in GDP caught up with the average ICT spending in the group of 24 middle and lower income developing countries. The possible explanation for this fast catch-up is the substantial pent-up demand for ICT products and services resulting from substantial underinvestment in ICT infrastructure before 1989 8 . This, together with high rates of economic growth in the 1990's, created opportunities for higher-thannormal returns on ICT investment, which induced firms to spend on ICT.
Dataset from WITSA (2002) on ICT spending does not delineate the expenditure shares of enterprises, government and households. Neither does it divide the spending between investment and services. Since spending by households and spending on services should not be regarded as ICT investment, their share in total spending has to be estimated and deducted from the total. Schreyer (2000) and Jalava and Pohjola (2002) estimate, based on a comparison between an actual investment data from the US Bureau of Economic Analysis (BEA) and WITSA data on the ICT spending in the US, that the share of telecommunication investment in total spending reported by WITSA equals 30%. Contrary to this approach, although based on the same BEA -WITSA comparison, Daveri (2002) breaks up the whole IDC data into investment shares and household expenditure, applying 59% share of investment in hardware expenditure, 33% for telecommunications spending and 205% for software (Daveri's investment shares are for business sector only -he excludes government spending).
For Poland it was assumed that the share of telecommunication investment in total telecommunication spending amounted to 30% in the 1992-2001 period. The share of investment in IT hardware in total IT hardware spending in the 1992-2001 period, based on actual data from IDC for Poland for 2001 (IDC 2002) , was set to amount to 93.0% Under an assumption -based on estimates of the local IDC office -that the data on software spending does not take into account internally developed, custom made software, what BEA calls 'own account software', the value of software investment in Poland was projected to amount to 120% of the software spending reported by WITSA (2002) 9 . The data on 'other office equipment' is aggregated with IT hardware under the assumption that the former fits into the definition of ICT.
Based on the above assumption, the real value of investment in ICT in Poland is much lower than ICT spending reported by WITSA (2002) (see Table 2 ) Table 2 . Investments in ICT in Poland, 1992 (current prices, USD million) 1992 1993 1994 1995 1996 1998 1999 Share of ICT investments in total GFCF between 1992-96 has been quite stable at roughly 5.5% and 6.6%. After 1996, the ICT share has started to quickly increase and reached 12. Source: own estimates based on WITSA (2000, 2002) ICT price indices
To arrive at ICT investments in the local currency, the data series were converted from US dollars into local currency by an annual average exchange rate based on EBRD (2002) . Since a dollar today buys much more computing power than in the previous years, the data on ICT investments in current prices needs to be deflated to arrive at constant-quality prices. Otherwise, the use of traditional non-hedonic price indices would significantly understate the significance of investment in ICT as non-hedonic deflators do not take into account the rapid decrease in quality-adjusted prices of ICT (for example, the quality-adjusted price of a computer bought for $1,000 in 1995 amounts to $272 in 2001; the use of non-hedonic price deflator would however value the same computer at $1,068 in 2001 -based on Jorgenson et al. 2002 dataset for the US).
Since no quality-adjusted deflators are available from national statistics in transition countries, the paper uses "price index harmonization" methodology developed by Schreyer (2000) and then used by Colecchia and Schreyer (2001) , van Ark et al. (2002) and others 11 . According to this methodology, the ratio of the US hedonic deflators 1990-2001 for ICT investment in computers, software, and communication equipment relative to deflators for non-computers, non-software and non-communication equipment (all data based on Jorgenson et al. 2002 , who relies on the the US Bureau of Economic Analysis 12 ) was applied to the aggregate investment deflator for Poland for the same period to obtain three separate ICT price harmonized deflators for Poland. This approach is based on an assumption that the ratio of prices of ICT to the overall investment prices in Poland follows the same ratio of prices for the US, which seems to be a plausible assumption given high tradability of ICT products and negligible size of the local ICT production. Hence, the US price level is directly converted into the local currency after being corrected for the general level of inflation. Although undoubtedly the above approach has a number of shortcomings, including the fact that it assumes that there are no differences in composition of ICT investment between Poland and the US and that price indices of ICT products imported to Poland and those domestically produced in the US behave in the same way, the "price index harmonization" method seems to be the most appropriate for constructing the ICT deflators in the face of lack of deflators from the national statistics. The most important thing here is to reflect to the largest possible extent the true decline in ICT prices. Table 3 in the Appendix shows harmonized ICT price indices for the US and Poland for the period of 1990-2001. The price of computers (IT hardware) in Poland in that period declined by on average 7% annually. Since 1995 the price declines have accelerated to 16.5% annually, which is likely to be due to the increase in the rate of technological progress in capacity of semiconductors (shift from a 3-year to a 2-year production cycle). Unlike in the US, because of relatively high inflation rate in Poland embodied in the total investment deflator, the prices of software and communication equipment have been rising in the period by 13.1% and 11.0% annually, respectively. The inflation in both assets after 1995 has however substantially declined to 6.7% and 3.2% annually, reflecting much slower overall inflation in the total investment price index and relatively faster decline in quality-adjusted prices.
ICT capital stock
To arrive at a measure of the ICT stock, the real ICT investment series obtained above need to be depreciated using perpetual inventory method (PIM). In PIM method, capital stock is defined as a weighted sum of past investments with weights given by the relative efficiencies of capital goods at different ages 13 :
with K i,T the capital stock (for a particular asset type i) at time T, ∂ i,t the efficiency of a capital good i of age t relative to the efficiency of a new capital good, and I i,T-t the investments in period T-t. 14 A geometric depreciation pattern is applied, which -as argued by Fraumeni (1997) -better reflects the pattern of stock aging (faster at the beginning of the utilization period, slower towards the end of efficient life) than a straight-line depreciation method. Hence, with a given constant rate of depreciation ∂ i different for each asset type, ∂ i,t is given by
that: (2002) . In this paper, Jorgenson et al (ibid.) dataset's base year 1996 has been changed to 1995 to be consistent with the data on GDP and fixed capital stock obtained from the national statistical office.
13 This section is largely based on van Ark et al. (2002) .
14 As remarked by van Ark et al. (ibid) , various equations of that kind make an implicit assumption that services of assets of various vintages are perfect substitutes for each other.
Because of the lack of data on ICT investments before 1992 and in order to arrive at a sufficiently long series of ICT stock, the investment stock series were extrapolated back to 1985 by applying a geometric average of growth rates in ICT real investment for the three types of assets in local currency between 1992-2001. ICT stock in 1985 was assumed to equal zero 15 . While this is surely an improbable assumption, given high depreciation rates for ICT, most of the early ICT stock from before 1992 depreciates to less than 10 per cent of the value of ICT stock in 1995 and to almost zero by 2000. Nonetheless, to limit the impact of the assumptions on ICT investments, the contribution of ICT investment to growth will cover the period starting from 1995 only.
Alternative method of obtaining sufficiently long series of ICT investment, as reported by van Ark et al. (2002) , is to derive the ICT investment for the period 1985-93 from a share of ICT investment in aggregate investment in a period for which the relevant data exists. Yet, this approach can be quite misleading since there is no compelling reason to believe that the share of ICT investment in mid-1990's was comparable to that in 1985. It is particularly true in transition economies, which in 1985 were operating under totally different economic system of a command, communist economy. Van Ark et al. (ibid.) in their study apply a commodity flow method to arrive at long series of ICT investment, yet given the lack of detailed data on input-output tables from national statistical offices, its use in measuring ICT investment in postsocialist countries is not possible.
Geometric depreciation rate for IT hardware is based on van Ark et al. (ibid.) and is set at 0.295. Depreciation rates for telecommunications equipment and software, obtained from Jorgenson and Stiroh (2000) and Oulton (2001) , were set at 0.115 and 0.315, respectively.
The real investments in ICT in Poland between 1995 and 2000 have been growing at an average annual rate of 50.9% (Table 4) , which was a much faster rate than in the EU and the US. Investments in communication equipment were particularly robust in comparison to the EU and the US as they were increasing in the period by 65.7% annually. This is likely to be due to substantial pent up demand for communication services and fast catching up in communication infrastructure from low levels of telephone penetration. Van Ark et al. (2002) for the EU and the US, own estimates for Poland
In the end the author arrived at a measure of the end-year real ICT capital stock 1985-2001. These were adjusted from end-year to mid-year. Between 1995 and 2000 on the back of large ICT investments the real stock for three types of ICT assets have been quickly growing, particularly in comparison to other, non-ICT capital (Figure 4 ) 
Source: own estimates
As a consequence of the rapid growth in real ICT stock, its share in gross total capital stock substantially increased from 0.71% in 1995 to 4.72% in 2000 ( Figure 5 ). 1995 1996 1997 1998 1999 2000 Source: own estimates
Accounting for non-ICT capital stock
In order to sustain consistency, the methodology applied to constructing the ICT capital stock from ICT investments is also applied to construct the non-ICT capital stock for four non-ICT asset types for the years 1995-2000. 16 Data on total investments in total gross fixed capital for all four categories in both fixed and current prices was available from the Central Statistical Office (2002) 17 . Investment deflators for each category of non-ICT assets were constructed on the basis of data available from the above.
Due to unavailability of long-run GFCF series (consistent GFCF series start only from 1990), the non-ICT capital stock was calculated based on 1995 constant prices for four non-ICT categories. Data on investment for years 1995-2000 for all four categories were depreciated using the same PIM method as for the ICT stock (as in equation 6). Since Central Statistical Office does not report geometric depreciation rates for investment flows for the above aggregate categories, the study uses rates based on van Ark et al. (2002) (Table 5 ). 18 Ark et al. (ibid) reports rates for "Non-residential buildings and structures" only, while available data aggregates residential and non-residential investment. Assumption is then made that the depreciation rate for both is the same; *As reported by Central Statistical Office: "Long term plantings, detailed meliorations and livestock (basic herd). Depreciation rate based on own estimate. The value of other fixed assets does not exceed 2% of the total stock in the period, so the impact of the estimate is negligible. Source: Van Ark et al. (2002) Accounting for ICT income share
Having arrived at the estimates of ICT capital stock, the annual capital service flows from the stocks have to be estimated in order to measure the contribution of ICT capital to ouput growth. Capital service flows, representing the user costs for each type of asset, for ICT capital are much higher than for non-ICT capital due to high rates of depreciation for ICT assets and relatively large capital loss due to fast decrease in ICT prices. In other words, a dollar spent on new ICT equipment should provide higher services flows than alternative investment in non-ICT equipment. The difference between growth in capital services and capital stock represents the improvement in capital quality, which reflects the substitution towards assets from higher marginal products. Since ICT capital has relatively high marginal product, then a shift towards ICT increases the overall quality of capital. Estimates based on capital stock only rather than on capital services does not take into account this increase in quality of capital and hence underestimates the contribution of ICT capital to output growth (Jorgenson 2001) .
Similarly to van Ark et al. (2002) , the author measures the contribution of ICT capital to output growth on the basis of the services flows from three separate ICT assets (IT hardware, software and telecommunication equipment) and four non-ICT assets (buildings and structures, non-ICT equipment, transport equipment, and other non-ICT capital). Estimation of rental prices for each of the assets provides their weights in total income.
Based on an assumption that the flow of capital services from ICT capital (K c ) and non-ICT capital (K n ) is proportional to the mid-year capital stock (average of T i K , and 1 , − T i K ), the capital services for each type of asset will be obtained as
where i r represents user costs of each specific asset, T i K , real capital stock of a specific asset at time T, and y p the output price. User cost of each specific asset will be denoted as
where T i p , represents the acquisition price of a new asset, T r represents the nominal rate of return, ∂ i the depreciation rate of asset type I, and T i, π , the rate of inflation in the price of asset type I, which can be calculated from the appropriate price deflators. The expression in the brackets represents the rental price, which measures the price of an asset good at which the investor is indifferent between buying or renting the capital good cost of capital. The rental price represents the cost of capital, which is an annualisation factor that transforms the acquisition price of investment goods into the price of capital input.
As shown in equations (2), (7) and (8) the size of the contribution of ICT capital to output growth will depend on the rate of capital accumulation, gross rate of return, and capital-ouput ratio.
Depreciation rates for each asset type and rate of inflation in the price of each asset are already available. The nominal rate of return on the total stock in the economy has to be however estimated in order to calculate the user costs for each type of asset. The methodology for obtaining the nominal rate of return was developed by Jorgenson et al. (1987) . The methodology applies an ex-post approach to measure the nominal rate of return based on the following assumptions: a) there is perfect competition and zero profits in each market sector b) the nominal rate of return is equal for all assets in a particular market sector c) the sum of rental payments for all assets is equal to total capital compensation, that is share of capital in total income.
Based on the above assumptions and given that the capital revenue (CR) ICT capital, non-ICT capital and labor compensation in GDP in Poland, EU, and USA, 1995-2000, ( Poland's ICT capital compensation shares are much lower than in the EU and the US. This particularly applies to software and telecommunication equipment, which reflects still low stock of both types of ICT assets.
The contribution of ICT investment to output growth and labor productivity in Poland
Given availability of estimates of ICT capital stock and income share of ICT capital in the 1995-2000 period, it is now possible to measure the contribution of ICT investment to GDP growth in that period. All remaining data is obtained from the Poland's Central Statistical Office (2002). 22 Using the methodology presented in Section 3, the average contribution of ICT capital to economic growth in Poland between 1995-2000 amounted to 0.47 percentage points or 8.9% of average output growth of 5.31% in that period. Table 7 presents the detailed results. The above results can be compared with estimates for the contribution of ICT capital to growth in the OECD countries in the same period obtained by van Ark et al. (2002) , the study largely based on actual data from national statistics, and Daveri (2002) , who used the WITSA dataset for ICT spending, the same as in this study (Table 8) . van Ark et al. (2002) , Daveri (2002) and own estimates for Poland Poland ranks almost exactly in the middle of the sampled countries: 7 th in van Ark's study and 8 th in Daveri's study, ex aequo with Portugal. Poland's high position relative to its GDP per capita, which for 2000 hovered around 45% of the EU average, owes to extraordinary rates of growth in real ICT investment (50% annually between 1995 and 2000) as profit-maximizing firms in response to rapidly falling prices of ICT have massively substituted investment in ICT capital for non-ICT capital. The additional incentive for large ICT investments seems to have been the opportunity to reap extraordinary rates of return on investments in ICT due to substantial pent-up demand for ICT products and services resulting from low level of penetration of IT and telecommunications infrastructure, a legacy of underinvestment and technological retardation under the communist system.
Relative contribution (in per cent) of ICT capital to output growth in Poland between 1995-2000 amounted to 8.9%. It compared with the EU and the US average of 17% and 20%, respectively (van Ark et al. 2002) . The low relative contribution of ICT to GDP in Poland results mostly from high GDP growth in that period, which averaged 5.31% annually.
Labor productivity growth in Poland in the second part of the 1990's amounted to a very high average of 5.07% annually. This fast growth was mostly due to substantial increase in TFP (78% of total growth), which have reflected structural changes in the economy, accelerated microeconomic restructuring, changing composition of labor force, and rising quality of human capital. Capital deepening contributed the remaining 22% of the growth (Table 9) .
ICT capital had a larger impact on growth in labor productivity (12.7%) than its contribution to economic growth in the period (8.9%). Contribution of ICT capital was also higher than that of the non-ICT equipment. Source: own estimates According to van Ark et al. study, ICT capital was responsible for 34% and 28% of labor productivity growth in the USA and the EU in the same period, respectively (LP measured per person hour worked rather than per employed person as in this study). ICT contribution to LP in Poland was substantially smaller owing to much lower ICT income share in total income.
Conclusions
This paper makes a first attempt at estimating a contribution of ICT capital to output growth and labor productivity in Poland between 1995-2000 based on an extended growth accounting framework and private-source data on ICT spending from WITSA (2000, 2002) . The paper shows that the contribution of investment in IT hardware, software and telecommunication equipment represented some 8.9% of an average GDP growth in the period or 0.47 of a percentage point out of 5.31% average output growth in that period. This result places Poland in the middle of the ranking of the contribution of ICT capital to growth in the EU countries and the US, well above Poland's position based on GDP per capita. ICT capital deepening has also contributed 0.65 of a percentage point or 12.74% of labor productivity growth in the same period.
The relatively large contribution of ICT capital to output growth is based on an extraordinary acceleration in real ICT investments, which were growing between 1995-2000 at an average cumulative rate of 50.9% a year. Consequently, by 2001 Poland has caught up with other middle and lower income countries in terms of ICT spending per GDP. Among transition economies, Poland is fourth in terms of ICT spending as per cent of GDP, but number one in nominal terms of total spending on ICT.
Large investments in ICT seem to have been induced by falling prices of ICT products and services, which enticed companies to substitute ICT for non-ICT capital. Polish companies substantially increased outlays on ICT also in order to satisfy pent-up demand for ICT products and services. This pent-up demand for ICT resulted in turn from a need to upgrade poor ICT infrastructure, which was a legacy of decapitalization and technological gap existing before 1989. Fast economic growth, which accelerated from 3.8% in 1993 to 6.8% in 1997 and more than 4% in 2000-01, further contributed to an increase in demand for ICT. One can plausibly assume that given a small size of ICT-producing sector in Poland, which is roughly estimated to have represented some 1% to 2% of GDP in 2002, its impact on ouput growth and productivity would not be significant. For the same reason, the contribution of TFP growth in ICT-producing industry to economy-wide TFP is likely to be marginal. As for the spillover effects of ICT use and production, it is too early to estimate them, yet given small size of the ICT producing sector and relatively low penetration of ICT networks, any potential effects are poised to be negligible. Hence, the overall impact of ICT on output growth seems to be predominantly dependent on ICT capital, whose contribution to GDP growth is presented in this paper.
One can speculate that given continuation of growth in ICT investment above the growth rates for non-ICT capital, as reported by various local data sources, the contribution of ICT capital to growth is likely to gradually increase. Future research, aside from estimating the ICT capital impact on growth in the remaining post-communist economies along the lines presented in this paper, should focus on measuring the contribution of ICT production to output growth and an economy-wide TFP growth in Poland and other post-communist countries.
